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Question 1 [40]

1. The Carnot cycle is the most efficient ideal theoretical cycle. There are four steps that
make up a Carnot cycle,

1.1. Name the four processes (4)
1.2. Show a T-s diagram for the cycle 3)
1.3. Show a P-v diagram for the cycle 3)

2. An oil engine takes in air at 1.5 bar, 30 °C and the maximum cycle pressure is 85 bar. The
compression ratio is 16/1.

2.1. Draw a P-v diagram for the process (5)
2.2. Calculate the air standard thermal efficiency based on the dual-combustion cycle.  (25)

Assume that heat added at constant volume is equal to heat added at constant pressure

Question 2 [15]

A gas turbine has an overall pressure of 5 bar and a maximum cycle efficiency at 550 °C. The
turbine drives the compressor and an electric generator, the mechanical efficiency of the drive
is 97 %. The ambient temperature is 20 °C and air enters the compressor at a rate of 15 kg/s;
the isentropic efficiencies of the compressor and turbine are 80 and 85 % respectively.
Neglecting changes in kinetic energy, the mass flow rate of fuel and all pressure losses,
calculate:

2.1. The power output (5)
2.2. The cycle efficiency (5)
2.3. The work ratio (5)
Question 3 [30]

A compressor in the power turbine is driven by the HP turbine and the LP turbine drives a
separate power shaft. Inlet temperature and pressure are 17 °C and 1.01 bar respectively and
the pressure ratio is 8/1. The isentropic efficiencies of the compressor, the HP and LP
turbines are 0.8, 0.85 and 0.83 respectively. The maximum temperature is 650 °C. Cp = 1.005
kJ/kgK and ¥ = 1.4 for the compression process, and Cp = 1.15 kJ/kgK and ¥ = 1.33 for the
expansion process. Calculate:

3.1. The pressure and temperature of the gas entering the power turbine
3.2. Net power developed by the power turbine per kg/s of mass

3.3. The work ratio.

3.4. The thermal efficiency of a gas turbine unit.
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Question 4 [15]

A converge diverged nozzle expands air at 6.89 bar and 427 °C into a space at 1 bar. The
throat area of the nozzle is 650 mm? and the exit area is 975 mm?. The exit velocity is found
to be 680 m/s where the inlet velocity is negligible. Assuming that friction in the converged
portion is negligible, calculate:

4.1. The mass flow through the nozzle, stating whether the nozzle is under expanding or over
expanding;

4.2. The nozzle efficiency

4.3. The coefficient of velocity

TOTAL MARKS =100
FULL MARKS =100
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Formula Sheet

1. Carnot cycle:

2. Constant pressure cycle:

Work ratio W:

- Whet - 1 _ & - 1 2
Q1 Q1 Ty
m e Wnet
Whnet

T (&)(Y—l)/}’

Gross work output = work output of HP turbine + work output of LP turbine

Adiabatic change in temperature

3. Oftto cycle thermal efficiency:

4. Diesel cycle thermal efficiency:

5. Dual-combustion cycle:

6. Mean effective pressure:
7. Stirling and Ericsson cycles:

8. Rankine cycle pump work input:
Expansion process

Compression process
9. For steam turbines:
Velocity coefficient :
Diagram efficiency:
Stage efficiency:

Nozzle efficiency:

Driving force:
Power output:
End (Axial) thrust:

W=1-—
T3 \P,
N1y
P
Tiv1 =T, (;_T)
1
n= 1- V¥l
7
_ 1 V1 (Va/V,)"—1
=l (vl/vz) {]’[(Vasz)—l]}

1 _ CU(TS_Tl)
ol Co(T3—To)+Cp(Ta—Ts)

—Wher = P (V1 = V)

T;

nsrirling = nEricsson &= 771Camot = Ty
W =v;(Piy1 — P;)

Isentropic ef ficiency = _QEuaWOTk
p Y isentropic work

isentropic work

Isentropic ef ficiency = actual work

AC, =Cyi+ Cppo = Cppcos B, + Cpj cOs B

C
Ty O
Cri
_ 2CpACy,
a iy
n. = CpAC,,
S Ho—H;
_ __ €&
In = 2G,-Hp)
F, = mAC,

Woutput = mC,ACy,
Axial thrust = MACs

where ACy = Cr; — Cre = Cpi Sin B — Cpg Sin fBe
and AC,, = C; + Cpe = Crecosff, + €y cOS Sy

10. For Nozzles: Energy balance:
Critical pressure:

Critical temperature:

Critical specific volume:

Critical velocity:

c2 c2
Hl + 71 = HZ + '?2
i: (L)V/(V_l)
Py Y+1
E _ (&)(}’_1)/?
T Py
_ (R/M)T,
c P[.‘

Co= |5 = V2 — B) = 26,1, = 1)
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11.

Exit specific volume:

Exit velocity:

Mass flowrate per unit area:

Nozzle efficiency:
Velocity coefficient:

Coefficient of discharge:

Uy P
C, = 2(H1 - Hz)
n..
Ay, vy

Hy—H, _ Cp(T1_T2) _ T,-T2
Hi—Hzs  Cp(Ty—Tps)  Ty—Tas
Cy

Velocity coef ficient = s
25

Nozzle ef ficiency =

Coefficient of discharge = ;n’?_
S

For dry saturated steam y = 1.135 & for superheated steam y = 1.3

Refrigeration: Engine efficiency:

Coefficient of Performance:

n _ Whet carnot engine __ 1— Tz
carnot Q4 Ty
Q1 refrigerator T2
COPCC!T'TIOE’ - -

Wrefri_geramr input T -Ty
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